A diffractive optical element having equal-width concentric square rings is analyzed in this paper. This constant width makes possible its realization using spatial light modulators or square pixels phase screens. It allows a simple analytical treatment. The element is also simulated using the Rayleigh-Sommerfeld approach. An experimental verification of its performance has been compared with the simulated results.
Introduction
A Fresnel zone plate is a diffractive element able to be integrated in micro-optical devices. Its performance is based on the interference of successive zones typically arranged following a phase-shift pattern, being the Fresnel zones the simplest solution.
[1]. The typical design for a Fresnel Zone Plate (FZP) has circular shape zones and circular symmetry, like a refractive lens. Although, it can be adapted to some other conformal geometries and off-axis operation [2] . These zones are also know as semiperiodic zones because the phase of the total amplitude arriving to the image point from the location of a given zone is shifted in  with respect to the phase coming from the adjacent zones. An alternative to a Circular Zone Plate is a Polygonal Fresnel Zone Plate (PFZP) [3] . When the number of sides of the polygon is low, the balance between the high-focusing performance of a circular zone plate and the easiness of fabrication at micro and nano-scales of polygons represents a high advantage for the polygonal designs. The simplest polygonal shape is a triangle, although the square, due to its natural fitting to the rectangular coordinate system, has deserved special attention [3] , [4] . The design of a Square Fresnel Zone Plates (SFZP) optimizes it to perform as close as possible as a circular Fresnel Zone Plate. In a previous work [5] , we have studied a SFZP design based on the minimization of the difference between the area covered by the angular sector of the zone of the corresponding circular plate and the one covered by the polygon traced on the plate. In the present contribution we propose an alternative design for SFZP. In this case, the distance between the borders of consecutive zones is constant along the SFZP. We propose this design because of the practical realization that we made of those SFZP using Spatial Light Modulators having square pixels in a 3 square arrangement. The border between consecutive zones of our previous designs we falling at a given pixel that shared phase differences belonging to two consecutive zones. When going farther from the center of the SFZP, this situation becomes more prevalent and the devices fails to perform as expected. Then, we have avoided the existence of shared pixels by setting a constant width for each SFZP. In this case the border between zones coincides with the border of the pixel. We think that this design is more appropriate for its realization using Spatial Light Modulator, or pixelated phase screens. There are several situations where this approach can be useful. For example, in the development of IR reflectarrays where phase shift is depending on the resonance of subwavelength elements coupled along a given area [6] . Section 2 of this paper introduces the analytical solution to build a phase mask having concentric rings with a constant width, and a constant phase within each ring. Section 3 shows the results obtained from the simulation using the Rayleigh-Sommerfeld approach [7] and from the experiment made with a Spatial Light Modulator (SLM).
Finally, section 4 summarizes the main conclusions found in this study.
Theory
The analysis of the square Fresnel zones can be derived from the evaluation of the amplitude distribution obtained along the optical axis for a square aperture. This optical axis is perpendicular to the plane of the diffractive element and crosses the center of the square aperture.
Following Goodman [8] we may find that the amplitude obtained at a distance z after a square aperture having an apothem value of a , is given as, 
u is a dummy integration variable, and a is the apothem of the square aperture. Using the following change of variables, 2 / ( ) uz   , the function () Ia can be written as
where C and S represent the Fresnel integrals. Substituting this function in Eq. (2) for the electric field at the focal point, we find the amplitude at the focal point as:
This complex amplitude has been represented in figure 1 as the thick solid spiral curve.
As far as we are interested in the contribution of a given concentric square polygon, we may calculate this contribution as 
The phase of the amplitude of each zone is represented as the angle of the complex amplitude plotted in figure 1. The amplitude of each zone can be calculated as the amplitude vector departing from the location of the apothem of the inner square and reaching the location of the apothem of the outer square in the amplitude curve. A way of optimizing the focusing of a diffractive element built with concentric square ring is to compensate continuously the phase of each ring in order to add the corresponding amplitude in phase. In the limit of an infinitesimal width square ring the resulting amplitude can be seen as the length of the complex amplitude curve represented in 1.
In a previous contribution [5] , we have experimentally analyzed the case of an optimized Fresnel zoning having zones with a prescribed apothem. In this case we are mostly interested in a different zoning strategy. Our case here is not following the Fresnel zoning strategy, but is dealing with square rings having the same width. Then, 
We can use the developed expressions in order to obtain an analytical solution for the irradiance distribution around the focus of this SFZP. However, for the good of simplicity and clarity of the analysis, we preferred to perform a numerical analysis to determine the focusing capabilities of this lens. For the numerical implementation, we have used a fast-Fourier-transform based direct-integration method which uses the Rayleigh-Sommerfeld approach [7] . This scalar approach is valid as long as the features of the SFZP are larger than the wavelength. In addition, the proposed algorithm presents a quality parameter which indicates when the simulation is done properly. In Section 3
we will see a comparison between numerical analysis and experimental approach.
Experimental Results
A map of the phase introduced in our Spatial Light Modulator is given in figure 2 as a gray level image. The experimental set-up is described in Fig. 3 . We use a Spatial Light
Modulator (SLM) to simulate a collection of SFZP described in previous section. The SLM is a Holoeye LCR-2500 reflective modulator, with 1024x768 pixels (8 bits for each map to minimize noise. These averaged images are used in the analysis in order to obtain the intensity at the focus. The gain of the camera has been adjusted at a level that keeps the pixel under saturation for the complete set of lenses.
We may see that when the width of the zone is narrower, the irradiance is closer to the continuous case solution and stabilizes its growing for an apothem value closely located around the value given by the previous Eq. (10). When increasing the number of zones further, the irradiance at focus increases at a slower rate in comparison to lenses with a low number of zones.
In addition, different images of the intensity at focus for each kind of lens have been acquired with the camera. In Fig. 5 the Rayleigh-Sommerfeld predictions are displayed. , zf  and 1 z f cm  respectively..
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